Abstract -In this paper, we propose a multi-beam multiplexing scheme that can simultaneously achieve spatial multiplexing gain and multi-user diversity (MUD) gain by generating coherent multiple beams in the multi-user domain. Multiple beams are generated to provide multiple channels in parallel, making it possible to achieve the MUD gain through each channel. Since the transmission power is spilt into multiple channels, the signal-to-noise power ratio (SNR) of each channel is reduced inversely proportional to the number of beams. However, multiple beams are utilized to make the multiplexing gain much larger than the decrease of SNR, increasing the overall system capacity. The proposed scheme is applicable to both multi-input multi-output (MIMO) and multi-input singleoutput (MISO) schemes, enabling the use of flexible antenna structures in the receiver.
I. INTRODUCTION
Next generation transmission systems should be able to provide high rate multimedia services to users in mobile, nomadic and fixed wireless environments. In recent years, the capacity of wireless systems has been increased significantly with the development of two key technologies; the use of multiple antennas known as multi-input multioutput (MIMO) [1] [2] [3] and packet scheduling known as opportunistic scheduling or multi-user diversity (MUD) [4, 5] .
The MIMO technology can increase the diversity or spatial multiplexing gain, increasing the system capacity in proportion to the number of antennas in rich scattering channel environment. Space-time coding (STC) is a typical MIMO diversity scheme [3] , and diagonal Bell Laboratories layered space-time (D-BLAST), vertical BLAST (V-BLAST) and MIMO with singular value decomposition (SVD) are typical MIMO multiplexing schemes [1, 2] . However, it is not easy to achieve both full diversity and multiplexing gain simultaneously due to trade-off issues between these two gains. Moreover, the diversity and multiplexing gain can substantially be reduced depending on the channel condition [3] .
The results in [4] motivate us to use the M\UD to take advantages of independent fading statistics. Allowing a user in the best channel condition to use the resource, we can achieve a system capacity much larger than that in additive white Gaussian noise (AWGN) channel with the same average signal-to-noise power ratio (SNR) [4] . However, when the channel gain has small fluctuation and/or varies slowly, the M1\UD gain may not significantly contribute to the improvement of capacity. To overcome this problem, the base station (BS) generates random beams using multiple antennas, known as opportunistic beamforming [4] . It was reported that the opportunistic beamforming in a multi-input single-output (MISO) scheme can achieve a throughput similar to coherent beamforming when the number of users is sufficiently large.
When the number of users is large, the system throughput can be improved significantly by scheduling multiple users simultaneously [5, 6] . However, this scheduling may cause the selected user to be interfered from other scheduled users' signals. Thus, it is required to generate the beams so that the scheduled user interferes with other users at a minimum level. A number of schemes have been proposed for this problem [7] [8] [9] . However, most of these schemes require full channel information from all users for the generation of multiple beams, making it impractical due to heavy uplink signaling burden.
All aforementioned multi-user MIMO schemes [4] [5] [6] [7] [8] [9] require a sufficiently large number of users or all users channel state information (CSI) to provide desired performance. To alleviate this problem, a scheme, called multi-user diversity and multiplexing (MUDAM), was proposed [10] , where multiple beams are generated in a sequential manner. It can achieve the diversity gain in the multi-user domain and the multiplexing gain simultaneously using multiple beams in parallel. However, the M\UDAM scheme does not maximize the beamforming gain since the BS generates the beamforming weight in a random manner. In this paper, we consider the improvement of the NIUDAM by employing a coherent beamforming technique [11] , providing the overall system capacity larger than that of opportunistic beamforming [4] , orthogonal multiple beams (OMB) [6] We assume that the channel is unchanged while multiple beams are generated and varies independently after that. We also assume that each user has independent channel characteristics with fixed transmission power P at all times and that the BS assigns the channel resource to a user in the best channel condition at each time, exploiting the MUD.
The effective channel of user k can be represented as hk = hkW (2) Then the received signal Yk of user k can be represented
where the first term is the desired signal through the I -th beam and the second term is the interference from other users and the third term is additive noise. The short term signal-to-interference plus noise power ratio (SINR) of user k through the / -th beam can be represented as cr is the noise power.
In the MUJDAM scheme, multiple beams are sequentially generated to reduce the interference term in (4) . The BS generates the first beam using a random weight w,. Then all users estimate the SINR for the first beam and report it to the BS. The BS selects the best user for the first beam and notifies it through a signaling channel. Only the selected user needs to report the BS on its channel information corresponding to this first beam. Letting Q(l) be the index of the selected user for the I -th beam, the selected user reports its CSI hQ(1) to the BS. Note that the scheduler only needs the CSI of the selected user. Next, the BS generates the next random beam w2 satisfying h QMW2 =£ (5) where £ denotes the amount of interference to the previously selected user by this beam. Similarly, the BS selects the best user for the second beam and gets the corresponding channel information h,,,, from the selected user. In this manner, the weight of the I -th beam can be generated randomly, while satisfying hQ(i)wl =£, j = 1, 2,...,/ -1
Making 6= 0, the amount of the interference power in (6) can be represented as (4) hQ()wl = dI lxj, 1' where P I M represents the symbol power for each beam and j<I 1=I j>I (7) The MUDAM scheme outperforms the previous schemes [4] [5] [6] [7] [8] [9] by controlling the interference from other beams. However, it does not maximize the beamforming gain represented as a numerator in (8) (13) Note that the proposed CMUDAM maximizes the desired signal term hQ(Z) Q(l) in (13) (14) Assuming that y }, I have the same distribution, we can omit the subscript k in (14) [13] The proposed CMUDAM can easily be applied to an MIMO scheme by using an eigenmode transmission technique [14] . The performance of the proposed CMUDAM is verified by computer simulation. We assume that all users experience mutually independent flat fading channel with the same average SNR. Since spatial multiplexing schemes are usually employed when the SNR is high, we consider the performance at an SNR of 10dB. Fig 3 depicts the performance of the proposed CMUDAM and MUDAM in term of the spectral efficiency. It can be observed that the CMUDAM outperforms the MUDAM. This is mainly due to that the proposed CMUDAM generates multiple beams to maximize the beamforming gain for the selected user, while yielding zero interference to previously selected users. Fig 4 compares the performance of the proposed CMUDAM with other conventional schemes, the MUDAM, OMB [6] and opportunistic beamforming [4] , with the use of a (4xl) MISO scheme at an average SNR of 10dB. It can be seen that the proposed CMUDAM always provides a capacity larger than the other schemes. It can also be seen that the performance of the OMB can be poorer than that of the opportunistic beamfoming when the number of users is small. This is mainly due to that the OMB cannot guarantee orthogonal separation of multiple users unless the number of users is large. 
V. CONCLUSIONS
In this paper, we have proposed a coherent MUDAM scheme that provides performance improvement over the MUDAM. Multiple beams are generated to maximize the desired signal power, while preserving the interference controllability of the MUDAM. The simulation results show that the proposed CMUDAM can outperform the MUDAM, 0MB, and opportunistic beamforming schemes regardless of the number of users. The proposed CMUDAM is easily applicable to MIMO systems by using an eigenmode transmission, enabling the use of receivers with flexible antenna structure. Although the proposed CMUDAM is quite effective for users in low mobility, it may need to further study to reduce the time for the generation of multiples beams, making it applicable to high mobility environments.
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